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Introduction
Racial disparities have been demonstrated in athletic performance
1
 
and in the predisposition towards specific diseases.
2
 Immune/inflam-
matory pathways may be important in the pattern and/or progression 
of disease.
3,4
 Research has demonstrated differences in the level of 
circulating immune/inflammatory markers as well as genotypic differ-
ences which may help to explain disease predisposition in specific 
racial groups.
3,4
 In contrast, there is limited information relating to 
immune/inflammatory responses to exercise between racial groups. 
Such information is particularly relevant – strenuous exercise has 
been shown to alter immune/inflammatory responses predisposing 
athletes to infection and possibly injury,
5
 which would ultimately im-
pact on training and performance.
Eccentric and/or strenuous unaccustomed exercise has been 
shown to elicit changes in skeletal muscle morphology.
6
 These 
changes are typically accompanied by increases in circulating 
creatine kinase (CK), local muscle swelling and soreness as well as 
alterations in circulating inflammatory markers such as leucocytes 
and cytokines.
7-9
 Based on these observations, researchers have 
utilised exercise, particularly eccentrically biased exercise, to induce 
muscle damage and investigate immune/inflammatory sequelae. 
The key components of innate and adaptive immunity are the 
complement system and immunoglobulins, respectively. The 
complement system is composed of a number of proteins that 
are intricately involved in a variety of immune-related functions. 
Complement has been described as an important role player in 
cellular activation, chemotaxis, inflammation and clearance of 
immune complexes.
10-12
 Immunoglobulins are crucial components 
of humoral immunity, having pathogen neutralisation and 
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abstract
objectives. To determine the effect of eccentrically biased ex-
ercise and ethnic group on circulating levels of complement, im-
munoglobulin creatine kinase. Seven black and 8 white males (18 
– 22 years), active but untrained, participated in the study. Sub-
jects performed a 60-minute downhill run on a treadmill (gradient 
–13.5%) at a speed eliciting 75% of their VO2 peak on a level 
grade. Venipunctures were performed before, immediately after 
and then at 3, 6, 9, 12, 24, 48, and 72 hours afterwards. Plasma 
creatine kinase (CK) activity, serum complement (C3, C4) and im-
munoglobulin (total IgG, IgG1, IgG2, IgG3, IgG4, IgA) concentra-
tions were compared using a repeated measures ANOVA.
results. There was an interaction (p=0.0055) and ethnic group 
effect (p<0.0001) for CK activity with consistently higher levels in 
the black group. CK increased over time after the run, peaking at 
12 h for both groups. C3, C4, total IgG, IgG1, IgG3, and IgA were 
significantly higher (ethnic group effect, p<0.001), and IgG2 sig-
nificantly lower (ethnic group effect, p<0.001) in the black group. 
Significantly higher resting concentrations of total IgG (+21%), 
and IgG1 (+32%) were observed in this group.
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conclusions. CK was significantly elevated in the black group 
although the relative response to exercise in whites was higher, 
suggesting greater muscle damage. Differences in the concen-
tration of complement proteins and immunoglobulins suggest a 
heightened immunological/inflammatory milieu in the circulation 
of the black group. The performance and health implications of 
this finding warrant further investigation.
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opsonisation functions that occur during primary and/or secondary 
antibody responses. They also regulate cellular cytotoxic activity via 
sensitisation of natural killer cells, phagocytes, and mast cells,
10-12
 
and promote inflammatory responses and the clearance of immune 
complexes via activation of the complement system.
10,11
Owing to methodological considerations there are inconsistencies 
within the literature concerning complement and immunoglobulin 
response to bouts of strenuous exercise. In addition, there is limited 
information relating to the circulating levels of these proteins in 
different racial groups at rest as well as in response to strenuous 
exercise. Therefore, the first aim of this study was to determine if 
complement proteins and immunoglobulins are elevated in response 
to exercise-induced muscle damage. Secondly, inducing this form of 
benign injury provided the opportunity to investigate if black and white 
males respond differently to exercise-induced muscle damage.
Method
Participants
Active, untrained white (N=8) and black (N=7) males participated in 
the study. Screening to determine each participant’s level of activity 
and training was performed using the FIT (frequency intensity time) 
index of Kasari.
13
 This index requires that points are allocated de-
pending on the frequency, intensity and time spent performing physi-
cal activity per week with scores ranging from 1 (minimum activity) 
to 100 (training at a high intensity every day of the week). Individuals 
were included in the study if their FIT index ranged from 8 to 10. 
These are individuals who perform a few days of moderate-intensity 
physical activity per month, with a duration of  20 - 30 minutes per 
session. The white males were from British or Dutch European de-
scent, the two groups accounting for the majority of cultural variation 
in South Africa. The black participants were assumed to be of Xhosa 
ethnicity, based on the stated first language reported from both par-
ents. Based on their self-reported medical history questionnaire, par-
ticipants were excluded from the study if they exhibited any form of 
lower-extremity disability/injury that may have been exacerbated by 
physical activity, and if they were on any anti-inflammatory medica-
tion. In order to control for acute illness before, during and after the 
downhill run, which could affect the immune variables measured in 
the study, participants completed the Wisconsin Upper Respiratory 
Symptom Survey (WURSS).
14
 The WURSS is a validated, evalua-
tive, illness-specific quality-of-life instrument, designed to assess the 
negative impact of the common cold. The survey examines the pres-
ence and level of severity of 32 upper respiratory tract symptoms 
such as a runny nose, sneezing, sore throat and cough. The survey 
was completed every day for a week before the downhill run, on the 
day of the run, and every day for a week after the run. All the par-
ticipants signed an informed consent form approved by the Tshwane 
University of Technology ethics committee. 
Body composition
Height and weight were recorded using a calibrated medical height 
gauge and balance scale (Detecto, Webb City, USA). A Harpenden 
skinfold caliper was used for skinfold measurements (7 sites) to as-
sess per cent body fat (Table I) using the Drinkwater-Ross meth-
od.
15
assessment of vo2  peak and determination of running 
speeds
The participants completed three 10-minute treadmill familiarisation 
runs on 3 separate days before the VO2 peak testing. The stand-
ard Bruce protocol was employed to determine VO2 peak oxygen 
consumption that was measured by breath-by-breath indirect ca-
lorimetry.  This was recorded using a Cosmed Quark b
2
 metabolic 
cart (Cosmed SRL, Italy). Ratings of perceived exertion (RPE) were 
recorded every 3 minutes and heart rate was recorded every minute 
using a Polar heart rate monitor. The test was considered to be maxi-
mal if the participants exhibited two or more of the following:  RPE 
≥19; respiratory exchange ratio ≥1.1; heart rate within 5 beats.min
-1
 
of theoretical maximum heart rate (220 - age). Using metabolic equa-
tions
16
 a speed was calculated that would elicit 75% of the participants’ 
VO2 peak on a horizontal surface. This would be the speed that the 
participants ran during the downhill run. Therefore, each participant 
ran at the same relative intensity.
Downhill run
The downhill run was performed 2 weeks after the VO2 peak test. 
Participants were instructed to ingest a normal mixed diet, to be well 
hydrated, and to refrain from any strenuous exercise for at least 72 
hours before the downhill run. The downhill runs were performed 
in a randomised order, between 05h00 and 11h00 over 2 consecu-
tive Saturdays. This ensured that not all the members of each group 
were tested on the same Saturday. The participants ran in a fasted 
state (at least 8 hours after final meal). At the start of the run, they 
warmed up for 5 minutes by running on a level grade at the predeter-
mined speed. The treadmill was then lowered to a -13.5% level and 
participants ran for 60 minutes. They remained in the exercise test-
ing laboratory for 12 hours after the run, and were provided with food 
and fluid and encouraged to eat and drink water ad libitum.
Biological fluid sampling and processing
On arriving in the exercise teaching laboratory, participants were re-
quired to sit quietly for 10 minutes before the run. A qualified phle-
botomist then inserted a venous catheter (22 gauge, 2.2 cm), which 
was kept patent using a diluted heparin/saline solution. A 15 ml blood 
sample, using 2 Vacutainer draw tubes (5 ml EDTA for CK and 10 ml 
serum separator tubes (SST) for immunoglobulin and complement), 
was drawn at the following times: before, immediately after (IPE) and 
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TaBle I. Physical characteristics of the participants (mean ± seM)
variable   White (N=8)   Black (N=7)   significance
Age (yr)   20±0.14    22±0.36    p=0.12
Height (cm)  179±0.7    173±0.8    p=0.06
Weight (kg)  71±0.6    70±1.5    p=0.78
Body fat (%)  16±0.3    16±0.6    p=0.31
VO2 peak (ml.kg
-1
.min
-1
) 44.4±0.4    43.4±0.4    p=0.50
at 3, 6, 9 and 12 hours after the run. Subjects were also required to 
return for further blood draws at 24, 48 and 72 hours after the run. At 
these times a standard antecubital venepuncture was performed, 
with the same 15 ml blood sample being obtained. Serum was ob-
tained by allowing the serum separator tubes to stand at room tempera-
ture for 30 minutes, and then spun down for 10 minutes at 2 000 g. Al-
iquots were frozen at -80°C in 0.5 ml Eppendorf tubes.
assessment of biological fluids
Creatine kinase
CK activity was determined using a Refletron blood analyser, which 
uses a colorometric assay procedure (Boehringer Mannheim GmbH, 
Germany). The within-series precision (CV) of the Refletron ranges 
from 1.8% to 3.0%, while the day-to-day precision ranges from 2.2% 
to 3.0%. EDTA blood (32 μl) was pipetted onto a Refletron CK strip 
(Roche Diagnostics, Indianapolis, USA). The strip was inserted into 
the Refletron analyser for 30 seconds. Printed results were record-
ed. If values were >1 500 IU/l the sample was diluted with equal parts 
distilled water (as per manufacturer instructions); 32 μl of this mixture 
was then pipetted onto a strip and re-run immediately. Values of di-
luted blood were then doubled.
Serum complement and immunoglobulin
The total serum concentration of C1-esterase inhibitor (C1-INH), C3, 
C4, IgA, total IgG and IgG subclasses was quantified using laser 
nephelometry (Behring Diagnostics, Frankfurt, Germany). Each set 
of blood specimens from an individual participant (9 samples) was 
assayed in a single run with a single lot number of reagents and 
consumables, by a single operator. All samples were analysed in 
triplicate with the inter- and intra-assay coefficients of variation lower 
than 1.9% and 2%, respectively. 
statistical analysis
Data were analysed using SPSS version 15.0 (SPSS Inc., Chica-
go, Illinois, USA). A p-value <0.05 was considered as statistically 
significant and data are expressed as mean ± SEM. Physical char-
acteristics were compared between the two groups using t-tests. A 
repeated measures analysis of variance was used to analyse the 
main effects (ethnic group and time) and the interaction effects (dif-
ferences between blacks and whites at any time point(s)), for all de-
pendent measures. The Bonferroni post hoc test was used to locate 
the differences between means when the observed F-ratio was sta-
tistically significant (p<0.05). 
results
Participant characteristics
Table I reports the participant characteristics and the maximal exer-
cise test results. There was good matching of the two groups with no 
significant differences between age, height, weight, body fat percent-
age or aerobic capacity. There were no reports of symptoms of upper 
respiratory tract infections throughout the study for both groups.
serological variables
All serum complement proteins and immunoglobulin concentrations 
run were within clinically normal reference ranges.
17
 Statistical re-
sults of the different proteins where there were significant differences 
are discussed individually below. There were no significant altera-
tions in C1-esterase inhibitor and IgG4.
creatine kinase
No significant difference in the absolute resting concentration was 
observed between the black and white groups. There was, however, 
a significant interaction effect (p=0.0055) after exercise, with abso-
lute levels for the black group higher from 3 h to 72 h as determined 
by the Bonferroni post hoc test (p<0.01). There was an ethnic group 
effect (p<0.0001), with the black group 98% higher (p<0.0001). The 
sum of values (mean ± SEM) for all time points for the black and 
white groups was 476±64 IU/l and 240±47 IU/l, respectively. There 
was also a time effect with significantly (p<0.001) elevated CK levels 
observed for both groups (3 - 72 h), peaking at 12 h after exercise 
(black group = 693±35 IU/l; whites = 427±40 IU/l) (Fig. 1). Although 
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Fig. 1. Total creatine kinase activity for the black and white groups before and at hourly
intervals after downhill running. There was a significant interaction effect
(p=0.0055) with the creatine kinase in blacks higher from 3 h to 72 h. Values
are mean ± SEM.
Fig. 1. Total creatine kinase activity for the black and white 
groups before and at hourly intervals after downhill running. 
There was a significant interaction effect (p=0.0055), with the 
creatine kinase in blacks higher from 3 h to 72 h. Values are 
mean ± SEM.
Fig. 2. Serum C3 and C4 for the black and white groups before and at hourly intervals after
downhill running. There was a significant ethnic group effect for C3
(p=0.0018) and C4 (p<0.0001), with the means ± SEM for the black group
significantly higher than those for the white group.
Fig. 2. Serum C3 and C4 for the black and white groups before 
and at hourly intervals aft r downhill running. There was a sig-
nificant ethnic group effect for C3 (p=0.0018) and C4 (p<0.0001), 
with the means ± SEM for the black group significantly higher 
than those  for the white group.
not significantly different, the relative increase from baseline at 12 h 
after exercise was 510% in the white versus 296% in the black 
group.
complement
C3
There was no difference in resting C3 concentrations between the 
two groups. During the 12-hour and 24-hour periods, there was a 
significant ethnic group effect (p=0.0018), with the mean for the black 
group (1.61±0.01 g/l) being approximately 17.5% higher than that for 
the white group (1.37±0.04 g/l). This difference could be accounted 
for by the decrease in C3 in whites from IPE (-7%) through to 72 h 
(-19%) after the downhill run compared with baseline. No significant 
time (p=0.9) or interaction effects (p=0.9) were observed (Fig. 2).
C4
There was no difference in resting C4 concentrations between the 
two groups. During the 12-hour and 24-hour periods, there was a 
significant ethnic group effect (p<0.0001), with the mean for the 
black group (0.37±0.01 g/l) approximately 37% higher than that for 
the white group (0.27±0.002 g/l). This difference could be accounted 
for by: (i) an increase in C4 in blacks from 6 h (+9%) to 72 h (+13%), 
peaking at 48 h (+26%); and (ii) a slight decrease in C4 in whites, 
with the lowest concentration at 12 h (-5%), after the downhill run. No 
significant time (p=0.9) or interaction effects (p=0.9) were observed 
(Fig. 2).
Immunoglobulin
Total IgG
There was a significant difference (p<0.0001) in resting total IgG 
concentrations between the two groups, with the baseline concentra-
tions 21% higher for the black group compared with the white group. 
There was a significant ethnic group effect (p<0.0001), with the mean 
for the black group (14.52±0.13 g/l) approximately 29% higher than 
that for the white group (11.26±0.13 g/l). No significant time (p=0.9) 
or interaction effects (p=0.9) were observed (Fig. 3).
IgG1
There was a significant difference (p<0.0001) in resting IgG1 con-
centrations between the two groups, with the baseline concentra-
tions 25% higher for the black group compared with the white group. 
There was a significant ethnic group effect (p<0.0001), with the mean 
for the black group (8.42±0.11 g/l) approximately 32% higher than 
that for the white group (6.39±0.07 g/l). No significant time (p=0.9) or 
interaction effects (p=0.9) were observed (Fig. 3).
IgG2
There was no difference in resting IgG2 concentrations between the 
two groups. There was a significant ethnic group effect (p=0.0079), 
with the mean for the black group (3.04±0.06 g/l) approximately 19% 
lower than that for the white group (3.62±0.06 g/l). This difference 
could be accounted for by: (i) a decrease in  IgG2 in blacks, lowest 
concentration at 72 h (-17%); and (ii) an increase in IgG2 in whites, 
highest concentration at 9 h (+9%), after the downhill run. No signifi-
cant time (p=0.9) or interaction effects (p=0.9) were observed (Fig. 
3).
IgG3
There was no difference in resting IgG3 concentrations between the 
two groups. There was a significant ethnic group effect (p<0.0001), 
with the mean for the black group (0.53±0.02 g/l) approximately 71% 
higher than that for the white group (0.31±0.001 g/l). This difference 
could be accounted for by: (i) an increase in  IgG3 in blacks from IPE 
(+8%) to 72 h (+17%), peaking at 6 h (+29%); and (ii) a decrease in 
IgG3 in whites from IPE (-7%) to 72 h (-11%), lowest concentration 
at 3 h (-14%), after the downhill run. No significant time (p=0.9) or 
interaction effects (p=0.9) were observed (Fig. 3).
IgA
There was no difference in resting IgA concentrations between the 
two groups. There was a significant ethnic group effect (p<0.033), 
with the mean for the black group (2.02±0.01 g/l) approximately 11% 
higher than that for the white group (1.82±0.02 g/l). No significant 
time (p=0.9) or interaction effects (p=0.9) were observed (Fig. 3).
Discussion
The main finding of the study was that the black group demonstrated 
consistently higher absolute levels of CK after the downhill run com-
pared with the white group.  The results also suggested that there 
are ethnic differences in the resting and/or post-exercise levels of 
selected serum complement proteins and immunoglobulins.
The CK result supports previous research examining racial 
differences in serum CK in South African males.
18
 The differences 
in absolute CK levels may be attributed to differences in muscle 
fibre type/distribution and/or lean muscle mass.
18
 However, the 
white group experienced a greater relative increase (% change 
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Fig. 3. Serum total IgG, IgG1, IgG2, IgG3 and IgA for the black and white groups before and
at hourly intervals after downhill running. There was a significant ethnic group
effect, with the means ± SEM for the black group significantly higher than
those for the white group for total IgG (p<0.0001), IgG1 (p<0.0001), IgG3
(p<0.0001) and IgA (p<0.033), while the white group had higher IgG2 levels
(p=0.0079).
Fig. 3. Serum total IgG, IgG1, IgG2, IgG3 and IgA for the black 
and white groups before and at hourly intervals after downhill 
running. Ther  was a significant ethnic group effect, with the 
means ± SEM for the black group significantly higher than those 
for the white group for total IgG (p<0.0001), IgG1 (p<0.0001), 
IgG3 (p<0.0001) and IgA (p<0.033), while the white group had 
higher IgG2 levels (p=0.0079).
from baseline) compared with the black group at 12 h after exercise. 
Specifically, there was a 510% increase in CK in the white group 
compared with 296% in the black group.  Although this was not 
significantly different, it may imply that the white group experienced 
greater muscle damage. This group has been shown to have a lower 
percentage type IIa fibres,
19
 and type II fibres are more susceptible 
to exercise-induced damage
20
 and reperfusion injury.
21
 Based on 
this we would have expected to see higher relative increases in 
CK in the black group; however, we observed the opposite. Higher 
resting concentrations of CK have been attributed to greater lean 
muscle mass although the literature is conflicting.
22
 This was not 
measured in the current study and may partly be responsible for 
the differences observed. Fukashiro et al.
23
 have shown that black 
athletes have significantly greater muscle viscosity, elasticity and 
stiffness compared with white athletes. The ability to ‘accommodate’ 
greater stress may result in less muscle damage and could possibly 
explain the lower relative increase in the black group in the current 
study.
Numerous studies have shown that eccentrically biased exercise 
may result in the elevation of a number of inflammatory markers. 
This, and the subsequent pain experienced by the participant, has 
generally been attributed to muscle damage. While a number of 
studies have reported a significant elevation in complement proteins 
after exercise,
24,25
 the current study failed to elicit significant changes 
in complement C1-INH, C3 and C4. This finding was surprising 
considering that: (i) the participants were untrained; and (ii) research 
has previously shown that a similar exercise protocol is able to 
elicit significant elevations in immunoglobulins
26
 and chemotactic 
cytokines.
27
 In support of our findings, research has documented that 
certain complement proteins and complement regulatory proteins 
may not be affected by prolonged strenuous exercise.
25,28,29
 The 
inconsistent and often conflicting results observed in the literature 
highlight that a true understanding of the roles of complement 
proteins in response to exercise requires further elucidation. 
Research performed internationally and in South Africa has 
demonstrated racial/ethnic differences in the reference ranges for 
serum IgA, IgM, total IgG and IgG sub-classes.
30-34
 Black children 
and adults tend to have higher values than whites.
31-33
 The results of 
the current study demonstrate that the black group has significantly 
higher circulating levels of complement proteins, C3 and C4, as 
well as immunoglobulin classes and subclasses, IgA, IgG1 and 
IgG3. IgG1 and IgG3 are strong activators of the classic pathway 
of complement, while IgA activates the alternative complement 
pathway.
11
 IgG2, a weaker activator of complement,
11
 was lower 
in the black group compared with the white group. In addition, 
there was no difference in IgG4, a subclass that does not activate 
complement.
11
 The elevated complement and immunoglobulin levels 
suggest a heightened immune/inflammatory milieu in the circulation 
of black males compared with whites.
Further research is required to determine the factors that may 
be responsible for racial differences in circulating complement 
and immunoglobulin. Previous research has suggested that 
increased exposure to infectious diseases, due to poorer socio-
economic conditions, may play a role in altering immune function in 
blacks.
30,33,34
 Increased exposure to infectious disease may enhance 
innate and adaptive immune function, resulting in constitutively 
higher complement and immunoglobulin levels. However, genetic 
differences may also be a factor and, together with socio-economic 
conditions, could shape the development and maturation of innate 
and adaptive immunity in the black group. 
conclusion
The white group showed a greater relative increase in CK activity 
compared with the black group. Although speculative, this may imply 
that whites are more prone to muscle damage, the effect of which 
may have implications with regard to how these groups train and 
adapt to training. The altered complement and immunoglobulin lev-
els in the black group suggest a heightened immune/inflammatory 
milieu in the circulation. Further research is required to determine the 
underlying factors responsible for this finding as well as the possible 
performance and health implications. 
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